Background: There is debate as to whether asthma has distinct atopic and non-atopic forms and whether in epidemiological studies asthma cases should be defined by a physician diagnosis or by self-reported asthma symptoms. Methods: A total of 24 952 people aged 11 and over were surveyed as part of the 1995-6 health surveys for England. Participants were asked if they had experienced wheezing in the past year and if they had ever been given a diagnosis of asthma by a doctor. Serum total IgE and house dust mite (HDM) specific IgE were measured. Results: Wheeze in the past year without an asthma diagnosis was more common in men and older age groups, whereas wheeze with an asthma diagnosis was more common in women and younger people. Both types of wheeze were more common in the lower social classes, among ex-smokers and current smokers, and in urban areas. Thirty two percent of people reporting wheezing and 22% of those with diagnosed asthma had neither raised total IgE nor HDM IgE. Among the non-atopic subjects the prevalence of wheeze rose with age and lower social class, largely due to an increase in wheeze without diagnosed asthma. In contrast, among atopic subjects there was no overall trend with age or social class, but wheeze with diagnosed asthma decreased with age. Conclusions: Clear epidemiological differences are evident between adult wheeze with and without an asthma diagnosis and between atopic and non-atopic wheeze. Subjects with diagnosed asthma are more likely to be atopic, but the results challenge the premise that adult asthma is almost always associated with some IgE mediated reaction.
F or many years a conceptual distinction has been made between atopic (extrinsic) asthma seen mainly in younger people and non-atopic (intrinsic) asthma seen mostly in older age groups. Many studies have shown that asthmatics have higher total IgE than non-asthmatics. [1] [2] [3] [4] House dust mite (HDM) IgE also has been shown to have a strong association with asthma symptoms in a variety of settings. [5] [6] [7] Burrows et al 1 showed that the prevalence of physician diagnosed asthma in the population of Tucson, Arizona was closely related to total IgE even in non-atopic subjects (where atopy was measured by skin prick testing to a range of common allergens). They challenged the concept of allergic and non-allergic forms of asthma, arguing that asthma is almost always associated with an IgE mediated immune reaction and therefore has an allergic basis.
More recent studies have reinforced the concept that total IgE is strongly related to asthma or to non-specific bronchial reactivity in New Zealand children without atopy 8 and in Spanish adults who lack specific IgE to common aeroallergens. 9 However, 5% of the New Zealand children 8 had recent wheezing without an asthma diagnosis and this was associated with only a slight increase in the mean serum IgE level, while among Spanish adults 9 current wheezing and other asthma symptoms were positively related to serum total IgE, but much less strongly than was current asthma.
These studies raise two related issues: (1) the contribution of allergy to different forms of asthma/wheeze; (2) the place of physician diagnosed asthma within the broader range of wheezing illness. The latter is particularly relevant given that some studies have relied upon physician diagnosis while many others are purely symptom based.
In this study we have compared the epidemiology of self-reported asthma symptoms without a doctor diagnosis of asthma with those with an asthma diagnosis, and related these to levels of serum total IgE and HDM IgE in a large nationwide study of English adults. We have also explored the extent to which risk factors for asthma symptoms and asthma diagnosis differ according to the level of total and mite specific IgE.
METHODS

Data source
The study used data from the health surveys for England for 1995 and 1996. 10 11 These are annual surveys of people living in households in England and are commissioned by the Department of Health. The surveys were conducted in two stages: an initial administered questionnaire followed by a nurse visit for physical measurements and to obtain a blood sample. The questionnaire included recording of age and sex and participants were asked about their smoking habits, whether they had experienced wheezing in the past year, and whether a doctor had ever given them a diagnosis of asthma. The occupation of the head of the household was used to determine social class. Whether the household was in an urban or rural area was also recorded.
Analysis of total and HDM IgE was carried out on serum samples using the Pharmacia CAP system immunoassay method. 11 Quality control results for 1995 and 1996 have been published. 10 11 Coefficients of variation were 5-10% for total IgE and 10-20% for HDM specific IgE. External quality control results showed good agreement between target and achieved values.
Subjects
A sample of private households in England was selected using a multistage stratified probability sampling design. 10 Although the study population for the health survey for England covers subjects aged 2 years and over, blood samples were obtained only from people aged 11 and over. This report analyses data only on the latter group from whom a usable blood sample was obtained.
Analysis
Wheezing with and without an asthma diagnosis
The population was divided into three categories:
(1) No wheezing in the past year.
(2) Wheezing in the past year and no doctor diagnosis of asthma ever.
(3) Wheezing in the past year and a doctor diagnosis of asthma ever.
The distributions of total and HDM IgE in each category were examined. Logistic regression was used to calculate odds ratios for wheeze in the past year without an asthma diagnosis versus no wheeze and for wheeze with an asthma diagnosis versus no wheeze. Adjustment was made for age, sex, social class, smoking status, and urban versus rural location. The analysis was repeated using only those people who had never smoked in order to eliminate any smoking effect.
Atopic v non-atopic wheezing
The population was divided into non-atopic, intermediate, and atopic categories. Atopic subjects were defined as those with HDM IgE >0.3 kU/l. This or a similar level has been taken as positive for specific IgE in other studies. 12 13 Non-atopic subjects were defined as those with a total IgE of <30 kU/l and HDM IgE <0.3 kU/l. The intermediate group was those with a total IgE of >30 kU/l and HDM IgE <0.3 kU/l.
Odds ratios were calculated for wheeze in the past year compared with no wheeze for the atopic and non-atopic categories with adjustment for age, sex, social class, smoking status, and urban location.
Risk factors for atopic and non-atopic wheeze
In order to illustrate patterns of wheezing in each category of atopy, the distribution of wheeze by age, sex, smoking status, and by social class was examined.
All analyses were carried out using SPSS 10.0 for Windows (SPSS Inc, Chicago, USA).
RESULTS
A total of 18 434 households participated in the survey (78% of eligible households). There is no information on the characteristics of households who did not participate except that they were more frequently located in urban areas. Within participating households, 32 498 adults (93%) and 2504 children aged 11-15 (98%) were interviewed. Among the people who were not interviewed there was a higher proportion of males and younger age groups. Of the 35 002 people interviewed, 24 952 (71%) provided blood samples sufficient for assays of both total IgE and HDM IgE. The characteristics of those giving a blood sample were broadly similar to the overall sample group except in respect of age. Only 56% (2385/4246) of the 11-19 age group had a usable blood sample.
Wheezing diagnosed as asthma v wheezing without an asthma diagnosis Overall, 5173 subjects (20.7%) reported wheezing in the past year, of whom 2047 (39.6%) had been given a diagnosis of asthma by a doctor at any time. The percentage of subjects with wheeze in the past year but no diagnosis of asthma increased with increasing total IgE (table 1). However, the increase in total IgE of subjects with wheeze in the past year and a diagnosis of asthma was much greater. Individuals with raised HDM IgE were more likely to have wheeze with an asthma diagnosis than wheeze not labelled as asthma.
Odds ratios for wheeze with and without a diagnosis of asthma compared with the no wheeze group are shown in table 2. Wheeze in the past year without an asthma diagnosis was more common in men and older age groups, whereas wheeze with an asthma diagnosis was more common in women and there was no consistent age gradient after adjustment for IgE. Both types of wheeze were more common in the lower social classes, ex-smokers and current smokers, and those living in urban areas. However, the effects of social class and of smoking were more marked in the group without an asthma diagnosis. The odds ratios displayed in table 2 were adjusted for both total and HDM IgE. The effect of this adjustment on the odds ratios for other variables was very limited. For wheeze without an asthma diagnosis, adjusting for IgE had little effect on the size or significance of the odds ratios for the other factors. For wheeze with a doctor diagnosis, adjustment for IgE eliminated the age trend so that it was more common in younger age groups. Both total and HDM IgE were much more strongly related to wheeze with a doctor diagnosis than to wheeze without a diagnosis. This suggests that IgE mediated allergy is a more important risk factor than the demographic and lifestyle factors studied for wheeze with an asthma diagnosis.
The data in table 2 were re-analysed in table 3 using only those individuals who reported never having smoked. Male sex and urban location were no longer significantly associated with wheeze without an asthma diagnosis and social class was no longer associated with wheeze with a diagnosis. These differences may represent underadjustment for smoking in table 2. Wheeze without an asthma diagnosis continued to be associated with older age and lower social class, whereas wheeze diagnosed as asthma was related to female sex and younger age and was more strongly related to total IgE and HDM IgE levels than wheeze without a diagnosis.
Overall there was a clear indication that the risk factors for wheeze with and without an asthma diagnosis were different.
Atopic v non-atopic wheeze When the population was divided into three categories of atopy, 10 736 (43.0%) were classified as non-atopic, 9268 (37.2%) as intermediate, and 4943 (19.8%) as atopic. Of the non-atopic group, 15.4% had experienced wheeze in the past year and, of these, 26.9% also had a diagnosis of asthma. In the atopic group 31.3% had experienced wheeze in the past year, of which 58.2% had a diagnosis of asthma. It is clear that both wheezing in the past year and having a diagnosis of asthma were associated with atopy. However, nearly a third (32.0%) of those reporting wheezing did not have raised total or HDM IgE and, of those with an asthma diagnosis, 21.7% did not have raised IgE.
Among non-atopic individuals the prevalence of wheeze increased with age ( fig 1) . This trend was due to the contribution of wheeze without a diagnosis of asthma and, in contrast, there was no relationship between age and wheeze and an asthma diagnosis. In atopic individuals there was a small increase in the prevalence of wheeze without an asthma diagnosis with increasing age, whereas for wheeze diagnosed as asthma there was an inverse relationship with age. All these relationships between age and wheeze prevalence persisted after adjustment for sex, social class, smoking, and urban/ rural location. Wheezing was more common in smokers than in nonsmokers, whatever the atopic status (data not shown). However, among atopic individuals the relationship was less marked and there was no relationship between smoking and wheeze with a diagnosis of asthma in atopic individuals (data not shown).
In non-atopic individuals the prevalence of wheeze was related to social class with a higher prevalence in social classes IV and V (fig 2) . However, in atopic subjects there was no significant social class trend following adjustment for age.
The significant risk factors for wheeze in the past year compared with no wheeze in non-atopic subjects were older age, lower social class, urban location, and smoking (table 4). In atopic subjects, female sex and smoking were the only significant risk factors and the effect of current smoking was smaller than for non-atopic subjects. When comparing atopic with non-atopic subjects, there was a significant difference in all the risk factors for wheeze except urban versus rural location and former smoking.
DISCUSSION
Study population
This study has used the largest published data set of serum IgE measurements. The sample is representative of the population of England living in private households and covers a wide age range. It is a general health survey and, as such, avoids problems of response bias seen in surveys specifically about respiratory symptoms or allergy where atopic people may be more likely to cooperate. 13 
Response rate
There was an overall under-representation of younger age groups which is likely to have caused an underestimation of the proportion of the population with atopy and the proportion of those who wheeze who have doctor diagnosed asthma. However, it seems improbable that the overall relationships between demographic factors and either wheezing or atopy would be significantly altered by this.
Classification of smoking status
The use of three categories of smoking (never, ex, and current smoking) may oversimplify the degree of exposure to cigarette *Adjustment for all variables listed. **Significance levels are based on a test for heterogeneity except for age and social class which are based on tests for trend using ordered categories. ***I=professional; II=managerial; IIInm=clerical; IIIm=skilled manual; IV=semi-skilled manual; V=unskilled manual.
smoke and result in underadjustment for smoking. The categories were chosen because of difficulty in classifying smoking consistently across all age groups as younger age groups were asked different questions from adults about smoking habits. An advantage of this study, however, is that there are sufficient subjects who have never smoked (12 092 ) to look at this group separately (table 3) .
Identifying atopic status
Previous studies have used a variety of methods to identify subjects with atopy including measuring specific IgE to a range of common allergens, 12 14-16 skin prick testing, 15 and selfreported hay fever. 16 Total IgE level alone has been used as an indication of atopy where levels of <20 kU/l indicate that atopy is improbable and >100 kU/l that atopy is probable. 16 In this study skin prick testing was not carried out and only total and HDM IgE were measured, so our definition of atopy has been limited to these two measurements. The intermediate category was used for subjects whose atopic status could not be determined from these two measures. A study of Dutch subjects showed that HDM IgE was raised more often than that of the other common aeroallergens and 67% of all subjects with one or more raised specific IgE had raised HDM IgE. 13 Assuming that a similar pattern holds in our population, one third of all atopic individuals would be missed from our atopic category. Previous studies have shown that total IgE is related to atopic status 13 16 with large differences in geometric mean total IgE between those with no raised specific IgE and those with at least one raised specific IgE. However, there is an overlap in ranges, so it is possible that some atopic subjects have total IgE <30 kU/l and appear in the non-atopic group.
Wheeze v asthma diagnosis Our finding that only 40% of those with wheeze had received a diagnosis of asthma is in line with previous studies. 17 18 Women and younger subjects are more likely and current I I -M a n a g e r i a l t e c h n i c a l I I I N M -S k i l l e d n o n -m a n u a l I I I M -S k i l l e d m a n u a l I V -S e m i -s k i l l e d m a n u a l V -U n s k i l l e d m a n u a l Non-atopic I -P r o f e s s i o n a l I I -M a n a g e r i a l t e c h n i c a l I I I N M -S k i l l e d n o n -m a n u a l I I I M -S k i l l e d m a n u a l I V -S e m i -s k i l l e d m a n u a l V -U n s k i l l e d m a n u a l Intermediate I -P r o f e s s i o n a l I I -M a n a g e r i a l t e c h n i c a l I I I N M -S k i l l e d n o n -m a n u a l I I I M -S k i l l e d m a n u a l I V -S e m i -s k i l l e d m a n u a l V -U n s k i l l e d m a n u a l
Atopic
Wheeze but no Dr diagnosis Wheeze and Dr diagnosis smokers less likely to receive a diagnosis of asthma. These differences could be a reflection of the determinants of labelling-for example, doctors' reluctance to label wheezing as asthma in older people or smokers 18 -or they may reflect separate diseases. Wheezing not diagnosed as asthma may represent a distinct form of asthma such as non-atopic asthma or it may be a different condition. Chronic obstructive pulmonary disease is an obvious candidate, particularly in older people and smokers, but there are subjects with wheeze and no asthma diagnosis across the whole age range and among never smokers. Alternatively, the differences may reflect use of health services-for example, men are less likely to seek a doctor's opinion-or the ability to recall being given a diagnosis. 19 Whatever the reasons, this study shows that those diagnosed as asthmatic are more likely than other individuals with wheeze to be atopic. However, of those with wheeze and raised HDM IgE levels, 41.8% are not diagnosed as asthmatic.
Some epidemiological studies used symptom based questions to identify asthma while others use doctor diagnosed asthma. It is clear from this study that these two approaches will identify different populations and this should be given consideration in study design. Using a diagnosis of asthma misses a large group of atopic adults who wheeze.
IgE v non-IgE mediated asthma
The results suggest that at least one third of people who wheeze and one fifth of those diagnosed as asthmatic are not atopic. Among non-atopic subjects, wheeze is more prevalent in older age groups, lower social classes, smokers, and in urban locations. This is consistent with the concept of non-atopic or intrinsic asthma and contrasts with the conclusions of Burrows et al 1 that asthma is almost always associated with some type of IgE related reaction. Pearce et al 20 showed that the proportion of asthma cases attributable to atopy is usually less than one half even if the two studies of adult onset wheezing are excluded. Following an approach similar to that of Pearce et al, we estimated the proportion of wheezing in the last year which was statistically attributable to IgE mediated allergy using an inclusive definition of atopy (intermediate and atopic groups combined, accounting for over half of the population in each age group). Among subjects of all ages, the proportion of recent wheezing attributable to atopy (population attributable risk fraction or aetiological fraction) was 26%; this aetiological fraction was 35% in those aged 11-29 years, 30% in those aged 30-49, 25% in the 50-69 age group, and only 7% among those aged over 70 years.
Pearce et al 20 concluded that the importance of atopy as a cause of asthma may have been overemphasised and other aetiological mechanisms neglected. Our findings support this view. It may therefore be advisable to consider IgE mediated and non-IgE mediated asthma separately when investigating factors in the aetiology of asthma such as indoor and outdoor air pollution, genetics, and diet. *Adjustment for all variables listed. **Significance levels are based on a test for heterogeneity except for age and social class which are based on tests for trend using ordered categories. ***I=professional; II=managerial; IIInm=clerical; IIIm=skilled manual; IV=semi-skilled manual; V=unskilled manual.
